A clear awareness of a patient's knowledge, values, and perspectives is an important component of effective genetic counseling. Advances in precision medicine, however, have outpaced our understanding of patient perceptions of this new approach. Patient views may differ across the three domains of precision medicine (genetics, behavioral, and environmental determinants of health), ethnic/racial groups, and health literacy levels. This study describes and compares group differences in familiarity, perceptions, and preferences for precision medicine in a diverse sample. Between 2016 and 2017, 252 participants completed a 10-15-min survey in three primary care clinics in Florida and Tennessee. The final sample was 42.5% African American/Black, 25.8% Hispanic/Latino, 25.0% White, and 6.7% other ethnicity/race. Less than a quarter of participants reported being familiar with the term Bprecision medicine,b ut were more familiar with basic genetic terms. Participants with higher health literacy reported greater familiarity with terms (p ≤ .003). African Americans/Black participants were more likely to identify ethnicity/race and discrimination as influencing their health (p ≤ .004). When deciding to get a genetic test, individuals across ethnic/racial groups shared similar considerations. Those with higher health literacy, however, gave significantly greater importance to provider trust (p ≤ .008). Given the recent emergence of precision medicine, at present there may be limited differences in patient perceptions across ethnic/racial groups. Culturally sensitive efforts, tailored to health literacy level, may aid equitable precision medicine uptake.
Background
Precision medicine is a rapidly expanding field that is shifting from bench to bedside with the advent of advanced clinical applications such as precision oncology and pharmacogenetics (Collins and Varmus 2015; Phillips and Van Bebber 2004; Phillips et al. 2001; Roberts et al. 2017; Schleidgen et al. 2013) . This approach to prevention, screening, and treatment considers each individual's unique expression of genetic, behavioral, and environmental factors to provide Bthe right treatment to the right person at the right time^ (Ginsburg and Willard 2009; Mirnezami et al. 2012 ). As such, the promise of precision medicine has compelling implications for benefiting population heath but can present new challenges for the field of genetic counseling (Ashley 2015; Collins and Varmus 2015; Khoury et al. 2012) .
One challenge is that it cannot be assumed that precision medicine will be Bactionable^in real-world settings or that all patients stand to benefit equally (Bayer and Galea 2015) . The cultural and structural context of underserved racial/ethnic groups and economically challenged populations can impact how members of these groups think about and act on their health (Egede 2006; Williams et al. 2008; Williams et al. 1997) ; therefore, it is important to understand how diverse patients may regard aspects of precision medicine in order to optimize implementation (Bentley et al. 2017) . Additionally, individuals with lower health literacy may have less familiarity to concepts in precision medicine and may be unaware of gaps in their existing knowledge, and how to best apply new information to workable solutions (PaascheOrlow and Wolf 2007; Sorensen et al. 2012) . Exploring how individuals in various ethnic and racial groups and with different health literacy levels view precision medicine is critical for genetic counselors to promoting equitable uptake and implementation while avoiding deepening health disparities (Dankwa-Mullan et al. 2015) .
Before existing precision medicine approaches can be successfully implemented for all segments of the US population, these challenges need to be addressed across multiple stakeholders (e.g., patients, providers, healthcare systems, insurers, policy) (Mirnezami et al. 2012) . While independent lines of research have demonstrated that both behavior (Glanz et al. 2008; Idler and Angel 1990) and environment (GordonLarsen et al. 2006; Jackson 2003 ) have a robust influence on health, the majority of the precision medicine field has focused on genetics to the exclusion of how behavior and environment may complement or impede precision medicine efforts (Ginsburg and Willard 2009; Schleidgen et al. 2013) . Given that critical role genetic counselors are likely to play in the advancement of precision medicine, additional efforts are needed to help these professionals understand patient perceptions about genetics, environment, behaviors, and perhaps their interaction in order to best realize the promise of precision medicine in clinical practice (Davis and Shanley 2017; Khoury 2017; Riley et al. 2015) . The purpose of this paper is to report results from an analysis of survey data drawn from a diverse population in an effort to gain a better understanding of patient-level factors (ethnic/racial group, health literacy level) that may impede uptake and whether these patient-level factors influence perceptions across three precision medicine domains (genetics, behavior, and environment).
Methods
Design and Procedures This is a cross-sectional survey study of primary care patients who received care at institutions participating in the Precision Medicine and Health Disparities Collaborative. The Precision Medicine and Health Disparities Collaborative is a National Institutes of Health Center of Excellence in Precision Medicine and Population Health, led by Vanderbilt University Medical Center, Meharry Medical College, and the University of Miami. The mission of the Collaborative is to provide a diverse group of researchers with the infrastructure and resources to develop collaborative research teams that use precision medicine approaches to eliminate disparities in health outcomes, specifically among African Americans and Latinos.
The study was conducted in primary care clinics at (1) Meharry Medical College, Nashville, TN; (2) the University of Miami Hospital, Miami, FL; and (3) Vanderbilt University Medical Center, Nashville, TN. These study sites were selected to ensure representation from African Americans, Hispanics/Latinos, and Whites. The study employed a unified protocol, and Institutional Review Boards at each academic institution approved the study.
Study enrollment occurred between November 2016 and March 2017. Participants were recruited in primary care waiting rooms. All participants provided informed consent, completed the 10-15-min survey on a tablet computer via a secure web-based survey tool (Harris et al. 2009 ), and were compensated $5. Research assistants remained with the participant during data collection to answer any questions they had regarding survey items. Informed consent and surveys were conducted in English at all sites except the University of Miami Hospital, where participants were given the option to complete in either English or Spanish by bilingual research assistants.
Participants Adults age 18 years and older were considered eligible if they were primary care patients at the respective sites and could complete a survey on a tablet in English (all three sites) or Spanish (University of Miami Hospital).
Instrumentation Participants were asked to self-report race, Hispanic/Latino ethnicity, age, sex/gender, place of birth, and education level. Since different individuals may prefer different terms when describing their ethnicity and race, individuals were asked to endorse if they were BHispanic/Latinoâ nd BAfrican American/Black.^Health literacy was assessed with the validated 3-item Brief Health Literacy Screen (Chew et al. 2004; Chew et al. 2008) , measured on a five-point Likert type scale, with total literacy scores ranging from 3 to 15. A score of 10 or above indicates adequate health literacy (McNaughton et al. 2014) .
Familiarity, perceptions, and values related to precision medicine were assessed using three sets of questions (see Online Resource 1 for the measures in full). Currently, no widely accepted tools exist to measure these concepts; as such, instruments were developed based on our previous research conducted by the study team (Wilkins 2016) and extant literature in the areas of precision medicine, genetics, and health disparities. Our instrument to assess familiarity of terms specific to precision medicine included terms from genetics (Erby et al. 2008) , personalized medicine ( KRC Research 2014) , and the precision medicine literature. Thirteen terms were assessed, and response options ranged from 1 Bnot at all^familiar to 5 Bextremely^familiar. Patient perceptions of how much different factors affect personal health were measured via 12 items. Items were selected to capture domains characteristic of precision medicine and health disparities (i.e., cultural background, genetics, health literacy, social-economic status, and environment). Response options ranged from 1 indicating Bnot at all^to 5 a Bvery large amount.^A total of six items assessed values considered important when deciding to get a genetic test. These included factors shown in prior research (Martinez et al. 2017; Saulsberry and Terry 2013; Walker et al. 2014) to be important considerations for participating in genetic testing (i.e., trust, privacy, cost, counseling) and genetic research (i.e., receiving test results, receiving payment for blood or tissue donation). Individual responses ranged from 1 Bnot important^to 5 Bextremely important.Ŝ tudy documents were translated using a standardized protocol following a translation-back translation method, in which a qualified translator first translates the English document into Spanish, then a second qualified translator translates the Spanish version back to English, and finally a third individual compares the two English documents for consistency. All translated documents were reviewed by five members of the target population for clarity.
Data Analysis Descriptive statistics were used to calculate demographic characteristics. To create ethnic/racial groups of sufficient size for statistical comparison, participants were classified as Hispanic/Latino, non-Hispanic African American/Black, or non-Hispanic White based on their selfreport (Singer et al. 2004) . Participants who did not fit into the three ethnic/racial categories (e.g., those who endorsed themselves as American Indian or Alaska Natives, Asians, Native Hawaiian, or Other Pacific Islander and those who preferred not to answer) were excluded from analyses of ethnic/racial group differences due to their limited numbers (n = 17).
The health literacy levels of the three ethnic/racial groups were compared using ANOVA with follow-up post hoc Tukey tests. A series of multivariable regression models were conducted to examine responses to precision medicine survey items (i.e., familiarity, perceptions, and values related to precision medicine) by ethnic/racial group and by health literacy level. Outcome variables (i.e., precision medicine survey items) were treated as continuous in the regression models. Due to the association of ethnicity/race with health literacy, ethnic/racial group membership (reference category White) and a continuous measure of health literacy were simultaneously entered into models as predictors to examine their independent association with precision medicine survey items. Additionally, education level, place of birth, and survey language were added as covariates to control for potential confounding with the main predictor variables. Collinearity diagnostics were conducted to prevent overfitting of the covariates in the model. No issues with multicollinearity were found between variables. Bonferroni corrections were used to manage the type I error associated with multiple hypothesis testing (Bland and Altman 1995) . There were three question sets, and each contained a different number of items. The number of items was considered the number of hypothesis tests in each of the three p value corrections. To maximize interpretability, result tables present outcome variables and health literacy as dichotomous variables. Results for statistical significance reported in tables correspond to the regression models which treat outcome variables and health literacy as continuous. All data analyses were conducted using SPSS 21 (IBM, Armonk, NY). The datasets generated and analyzed during the current study are available from the corresponding author on reasonable request.
Results
Demographics A total of 252 out of 518 (48.6%) patients approached completed the survey. The response rates varied at each site (Vanderbilt University Medical Center 43.5%; the University of Miami Hospital 50.0%; Meharry Medical College 61.0%). The most common reason patients declined was that they did not have enough time to complete the survey before their appointment. Appointment wait times can vary within and across clinics, and this factor is likely to impact differences in response rates across sites as well.
Participant demographics are presented in Table 1 . The mean age was 51.47 years, and 65.1% of the sample was female. Overall, 42.5% self-identified as African American/ Black, 25.8% as Hispanic/Latino, and 25.0% as White, and 6.7% did not report membership in the three aforementioned groups. A total of 49.2% had a college degree or higher. The median health literacy score was 13 with an interquartile range of 11 to 15, and 86.1% demonstrated adequate health literacy (score ≥ 10). Lastly, 66.7% were born inside of the USA.
There were significant differences in the health literacy levels of the three ethnic/racial groups (F 2,232 = 9.07, p < .001). Participants who were White (M = 13.22, SD = 2.08) had significantly higher health literacy than those who were Hispanic/Latino (M = 11.45, SD = 2.72, p < .001), based on post hoc Tukey tests. (Table 3 ) Among cultural, genetic, literacy, socioeconomic, and environmental factors which comprise precision medicine, no one area was perceived to have a dominant role in influencing personal health. For each area, 13.5 to 36.5% of the sample endorsed it as having either a Bvery large^or Blarge^amount of influence. Ethnic/racial group differences were found only in the questions related to culture. Those who were African American/Black were more likely than White participants to endorse that their Brace or ethnicity^(p ≤ .004) and Bdiscrimination^(p ≤ .004) influenced their health. Health literacy level did not impact how likely individuals rated the influence of these different aspects of precision medicine on their health.
Familiarity with Precision Medicine Terms (
Values Considered Important When Deciding to Get a Genetic Test (Table 4) The majority of participants reported that trust in their providers, cost of the test, receiving the results of a genetic test, receiving counseling about test results, and privacy were either Bextremely^or Bveryî mportant when deciding to get a genetic test (63.9 to 83.7%). Those with higher health literacy placed greater importance on trust in their providers (p ≤ .008). Overall, only a quarter (24.6%) reported that receiving payment n (%) except when otherwise noted a Four individuals endorsed African American/Black race along with an additional race and were included in the African American/Black group b Individuals in the BOther^category endorsed themselves as nonHispanic (n = 17) and either American Indian or Alaska Native (n = 1), Asian (n = 8), native Hawaiian, or Other Pacific Islander (n = 1); checked the BPrefer not to answer^option (n = 4); or did not check any of the seven response options for the race question (n = 3) 
Discussion
This study highlights important findings related to patients' understanding and perceptions of precision medicine, which can help guide genetic counselors in advancing precision medicine efforts. There were more similarities than differences in perceptions and understanding of precision medicine across groups in the sample. The majority of these differences were attributable to varying health literacy levels rather than ethnic/racial group membership. As the field of precision medicine continues its rapid growth, it is critical for those involved in its advancement, such as genetic counselors, to consider patients' understanding of perceptions and values related to precision medicine to ensure future success of these initiatives. An important indicator of patient understanding of health information is familiarity with common terms. In this study, there was a general lack of familiarity with terms frequently associated with precision medicine. Participants tended to be more familiar with basic genetic terms (e.g., gene, DNA, hereditary) and less familiar with newer, more specialized precision medicine terms (e.g., biomarkers, pharmacogenomics, social determinants of health). Our findings also demonstrated that differences in term familiarity were attributable, in part, to health literacy levels and not ethnic/racial group membership. These findings suggest a need for broader public education and patient counseling regarding the specialized areas of precision medicine, building upon the familiarity many have with basic genetic terms and highlighting the importance of tailoring precision medicine materials and interventions based on literacy level.
Another possible explanation for differences in familiarity may be due to the Bpatient-friendliness^of each term. For example, 37.3% of participants were familiar with the term personalized medicine compared to 23.8% who reported being familiar with the term precision medicine. It may be that patients are more likely to believe they understand what is meant by personalized compared with precision medicine. As new innovations in healthcare are developed, new terminology will undoubtedly also develop. It is critical to continue exploring how patients understand new terms and unintended consequences that may result from misunderstanding.
By definition, precision medicine is a dynamic, multifaceted approach to healthcare, which takes into account complex sets of factors that can influence one's health and well-being (Ashley 2015; Collins and Varmus 2015) . This study sought to understand patients' perceptions of these multidimensional factors associated with personal health. No one factor emerged as the Bmost important^determinant of health, indicating wide Table 4 Values considered important when deciding to get a genetic test Question: how important are the following to you when making a decision about getting a genetic test? In multivariable analyses health literacy was treated as a continuous level predictor. This table dichotomizes the health literacy variable for ease of interpretation variation in beliefs among patients. This has important implications for precision medicine initiatives which tend to focus on genetic aspects and argues for the need to give equal emphasis to social, behavioral, and environmental components (Davis and Shanley 2017) . In addition, new provider training initiatives are necessary to help those on the front lines guide patients through behavior and environmental considerations alongside their genetic testing options. The most prominent difference in perceived drivers of personal health was found in African American/Black participants' higher responses that discrimination and ethnicity/ race play an important role in their personal health. This is consistent with a large body of work highlighting the inequities and discrimination ethnic/racial minority groups often experience in the healthcare system (Dickman et al. 2017; Institute of Medicine 2003; Williams et al. 2008 ) and recent research demonstrating the specific role cultural experiences have on precision medicine perceptions (Kraft et al. 2018) . While Hispanic/Latino groups also experience health disparities and discrimination within the healthcare system (Dickman et al. 2017; Institute of Medicine 2003; Williams et al. 2008) , in this study, no significant differences were found between Hispanic/Latino and White participants in their perceptions of the role that discrimination and ethnicity/race plays in their personal health. This may be due to different experiences of Hispanic/Latinos in Miami where they constitute a demographic majority. There is also considerable heterogeneity among the Hispanic/Latino population in Miami, thereby indicating a need for additional research with different Hispanic/Latino groups. Such research can allow providers to be familiar with the unique experiences of the patient populations in their communities when designing and delivering precision medicine services. Findings from our study also highlight the importance of looking at differences across specific ethnic/racial groups instead of conducting white/minority comparisons in future research.
The results from this study indicate that individuals reflect on many personal values when considering issues related to precision medicine. An understanding of these values is important to the field as patient values have been tied to effective implementation of evidence-based medicine and improved healthcare service engagement (Sackett et al. 1996; Zhang et al. 2017) . We asked participants about their values related to genetic testing, one of the most recognizable precision medicine services. Participants supported many values including trust with their provider, privacy, cost, and both receiving their results and having someone help them understand their results. These results speak to the importance of promoting access to genetic counselors as part of precision medicine initiatives given their specific training in addressing many of the values endorsed by participants in this study. While not all clinics have access to genetic counselors, it remains important to support patients making a decision about genetic testing by having a trusted provider available who will protect the privacy of patients. It is also important to explain to patients the process through which they will receive their results, counseling related to their results, and associated costs.
Our respondents' preferences to receive genetic test results can be considered when informing potential research participants about use of their genetic information. A large majority (83.7%) of our sample valued receiving their genetic test results. In the research setting, the prospect of returning potentially clinically relevant information to participants raises issues of appropriate informed consent and how to counsel participants on understanding and using the information. Returning genetic results also poses numerous risks that our respondents may not have considered, including emotional and psychological distress about interpreting results of uncertain significance, genetic discrimination, or financial burdens of seeking medical interventions. Return of genetic information to research participants is practiced with wide variability (Henderson et al. 2014) , and a search for consensus recommendations is underway (National Human Genome Research Institute 2017). Noting the prevalent desire to receive results among our sample reinforces the challenge for researchers to anticipate when and how to return genetic information to participants with clarity and care.
On the issue of payment when blood or tissue donations are used for research or profit, less than one quarter (24.6%) of people surveyed felt it was important to receive payment for blood or tissue donation. While this is a minority view, people who consider payment important may be less willing to participate or less satisfied with donating samples for research. African Americans/Blacks in our sample were almost twice as likely as Whites (30.2 vs. 16.1%) to report valuing payment for blood and tissue donations. Some of this difference may be related to historical discrimination African Americans/Blacks have experienced in prior research (e.g., United States Public Health Service Syphilis Study at Tuskegee and the Henrietta Lacks case), which has been shown to be related to distrust in precision medicine initiatives (Kraft et al. 2018) . Our analysis, however, found that African American/Blacks in our study population did not consider trust to be more important than Whites when deciding to get a genetic test. This result was somewhat surprising given existing literature highlighting the importance of trust in genetic testing and the lower trust in healthcare providers held by African American/Blacks relative to Whites (Halbert et al. 2016) . Regardless, researchers and practitioners should continue to explore the cultural and historical background patients may bring to precision medicine initiatives and design methods to support these varying values.
Study Limitations This study has several limitations. First, our sample was recruited from two cities in the USA and may not represent patients in other regions of the country. In addition, the education level of our sample was higher compared to the US population (Ryan and Bauman 2016) . This may reflect the fact that our sample was a patient population who consented for a research study (Cobb et al. 2014 ). Additional research is needed to better understand precision medicine perspectives in other populations. Second, this survey was limited to patients' perspectives about different aspects of precision medicine and did not include specific behaviors related to healthcare utilization. There is a need for more in-depth research examining how knowledge and attitudes related to precision medicine influence how patients seek and experience healthcare. Finally, this survey was designed to broadly explore patient values and factors that may influence health. Future research is needed to understand how these values related to one another (e.g., through ranking and forced choice items) and how that impacts how patients seek and accept services related to precision medicine.
Conclusions
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